We have combined shipboard and Seasat altimeter derived data in an intergrated geological and geophysical study of the Louisville Ridge; a 3500-km-long seamount chain extending from the Tonga trench to the Eltanin Fracture Zone. A break in the smooth trend of the ridge at latitude 37.5øS has been recognized in both bathymetric and altimetric data. The '•øAr-39Ar dating of rocks dredged either side of the break suggest that it is analogous to the bend in the Hawaiian-Emperor seamount chain. Although the general trend of the ridge can be fit by small circles about Pacific absolute motion poles determined from other seamount chains, the new bathymetric and age data allow us to refine Pacific absolute motion poles. The continuity in smooth trend of the ridge and the Eltanin Fracture Zone suggests some relationship between them. However, a major offset developed on this transform between 60 and 80 Ma, prior to the oldest dated rocks from the ridge. Although magmatism was more or less continuous on the ridge during 28-60 Ma, it probably occurred on crust with little or no offset. Thus magmatism appears to have been little influenced by the developing fracture zone. By 28 Ma, the distance between the magmatic source and the fracture zone had decreased sufficiently for a portion of the ridge to have been emplaced on crust with an offset. After about 12 Ma, however, volcanic activity on the Louisville Ridge apparently waned, despite a possible influence on the magmatism of the fracture zone.
INTRODUCTION
The Louisville Ridge (Plate 1)is a prominent bathymetric feature in the southwest Pacific Ocean basin. (Plate 1 can be found in the separate color section in this issue.) The ridge is approximately 3500 km long and represents a volcanic lineament comprising a number of short ridges, isolated peaks, and flat-topped seamounts [e.g., Mammerickx et al., 1974] . The ridge rises 3-4 km above the average depth of the seafloor. The ridge is aseismic, but apparently where it intersects at the Tonga-Kermadec trench it influences the pattern of regional seismicity [e.g., Giardini and Woodhouse, 1986] . Hayes and Ewing [1971] suggested that the Louisville Ridge was an extension of the Eltanin Fracture Zone system. They showed that the ridge lies close to a great circle connecting the Tonga-Kermadec trench with the Eltanin Fracture Zone. Hayes and Ewing [1971] argued that a break in the trend of the ridge at 40øS, 166øW reflected the change in orientation of seafloor spreading in the Pacific Ocean basin prior to formation of anomaly 32. They implied that the Louisville Ridge was a fracture zone ridge and that it was Late Cretaceous or greater in age. The shipboard data consist of bathymetry, gravity, singlechannel seismic reflection profile and magnetic data along individual ship tracks, and dredge hauls at selected sites. The shipboard data have been collected using different types of navigation. Prior to 1967, the shipboard data were collected with celestial navigation. Since 1967, the U.S. Navy's satellite navigation system (TRANSIT) has been utilized. It is difficult to assess the positional accuracy during the various shipboard surveys. It seems probable, however, that cruises which utilized satellite navigation should be accurate to about 0.1 nautical mile.
Bathymetry measurements were obtained with precision depth recorders (PDR). Typically, the bathymetry is sampled every 6 min, corresponding to distances between individual data points of about 2 km. In regions of high relief, however, the bathymetry is often sampled more frequently.
The gravity measurements were obtained with different instruments. The measurements obtained by LDGO, the Institute of Oceanology and SIO (since 1977) utilized a Graf-Askania Gss-2 sea gravimeter mounted on a gyrostabilized platform, while the measurements obtained by NOAA, Hawaii Institute of Geophysics, and SIO (prior to 1977) utilized the Lacoste air-sea gravimeter mounted either in gimbals (prior to 1965) or on a gyrostabilized platform (since 1965). Studies of the discrepancy of gravity anomalies at intersection of ship tracks in the region [Davey and Watts, 1983] suggest that the gravity anomalies are accurate to about 5-10 mGal, depending on the type of navigation used. Typically, gravity anomaly values are calculated at 10-min intervals, corresponding to distances between data points of about 3 km.
Magnetic measurements were obtained by using a direct reading proton magnetometer towed behind a vessel. The total magnetic field observations were reduced to magnetic anomalies using the International Geomagnetic Reference Field (1971) as the background field.
The seismic reflection profiles were obtained with a singlechannel seismic streamer and an air gun sound source. Prior to 1979, most of the cruises of LDGO vessels utilized a small sound source (20 cubic inches). The 1979 cruise of R/V Verna, however, utilized a larger sound source (2 x 466 cubic inches).
The satellite data consist of measurements of the sea surface height along individual satellite tracks of Seasat. A complete description of the instrumentation is given by Born et al. [-1982 ]. The Seasat data are represented by 1-s averages of the sea surfaces height, which corresponds to distances between individual data points of about 7 km. Corrections for instrument and atmospheric effects were applied [Lorell et al., 1980] . We did not correct the data for oceanographic effects which typically contribute less than 1 m. Furthermore, no attempt was made to reduce sea surface height discrepancies at intersecting subsatellite tracks. These discrepancies are usually in the range _+ 1 m to _+ 2 m for one quarter of a revolution of Seasat. Thus over the study area in which 800-km-long profiles of altimeter data are used, these effects will be negligible.
LOUISVILLE RIDGE
Bathymetry Figure 1 shows a bathymetry map of the Louisville Ridge between 25.5øS (intersection of the ridge and Tonga trench) and 44.0øS. The map, which is based on all available bathymetry data over the ridge, is contoured at 1-km intervals. The Louisville Ridge consists of ridge segments, isolated peaks, and ridge segments with superimposed isolated peaks. In general, there is a progression from ridge segments in the north-I ,,/t west to isolated peaks superimposed on ridge segments in the southeast.
The smooth trend of the ridge is NNW-SSE with a trend break at about 37.8øS. Individual ridge segments trend, however, up to a few tens of degrees from the smooth trend. Associated with these changes in trends are abrupt ridge offsets, the most prominent of which occur at 29øS and 39øS.
The bathymetry map in Figure 1 (Table 2) during 1971-1979. The profiles illustrated in Figure 4 show that the Pacific Ocean basin flanking the Louisville Ridge is associated with a thin, acoustically "transparent" layer overlying a very strong reflector. A similar layer was mapped by Ewin•t et al. [1968] over other parts of the Pacific basin. They suggested this layer represented sediments that had accumulated in the Pacific during the Cenozoic. The strong reflector is generally irregular suggesting that it represents or at least closely follows the upper surface of the oceanic crust. On some profiles in the vicinity of the ridge, however, the reflector is smoother. In these regions it may represent either a layer within the volcanoclastic infill adjacent to the ridge or a volcanic layer contemporaneous in age with the :51 30 29 28 27 26 MSL   I  _  I  I  I  I  I  I  I  I  I  I  I  I   A •3• Magnetic anomaly number. ridge. The Louisville Ridge itself is associated with a very strong reflector and only on a few profiles is there any evidence of sediment on the ridge flank or summit.
Seismic Reflection Profiles

Figure 3 shows the location of 12 seismic reflection profiles obtained by R/V Vema and USNS Eltanin over the Louisville Ridge
A detailed seismic reflection profile of the Louisville Ridge and its flanking region are shown in Figure 5 . On this profile the transparent layer is associated with a two-way travel time of about 0.2 s, suggesting a layer thickness of about 100 m. A maximum layer thickness of 750 m is suggested in the "moat" flanking the southwest slope of the ridge. Underlying the transparent layer is a strong irregular reflector which in places protrudes through the seafloor. It is likely that this reflector represents the top of the oceanic crust. We believe that the smooth strong reflector, which extends between strong reflector peaks, represents either volcanoclastic material shed from the ridge or volcanic material contemporaneous in age to the ridge.
Free Air Gravity Anomaly and Topography Pro. files
We show 12 free air gravity anomaly and topography profiles of the Louisville Ridge in Figure 6 . The ridge is associated with a large-amplitude gravity anomaly "high" of 50-180 mGal and flanking gravity anomaly "lows" of 10-20 mGal. Typically, the width of the gravity anomaly high is 50-100 km. The flanking lows are broader, reaching about 200-km widths on profiles 1 and 2.
In general, there is a strong correlation between changes in free air gravity anomaly and topography along the Louisville We have found that a useful way to illustrate geoid data for tectonic studies is as geoid anomaly and/or geoid slope profiles along individual satellite tracks. ship data. Figure 9 shows geoid anomalies along each satellite track. The geoid anomalies were computed by subtracting Seasat-derived geoid heights from a GEM 10 geoid reference field complete to degree and order 12. On repeat Seasat satellite tracks, only geoid anomalies along the first in the repeat sequence have been plotted. Figure 9 shows that the Louisville Ridge is associated with a prominent geoid high of 3-6 m flanked by lows of 1-2 m. The widths of the high are 100-150 km. As was the case for the free air gravity anomaly, the widths of the flanking lows exceed those of the high by as much as 100 km. Figure 9 is that the Louisville Ridge extends south of 43.5øS (the latitude of the intersection of profile 12 with the smooth trend of the ridge) to at least 45.3øS. The character of the geoid anomaly on profile 26 (Figure 9 ), for example, closely resembles that of profiles 19-21 over the central portion of the ridge. However, the geoid anomaly on profiles 24 and 25 is more subdued and does not resemble the seamount-type geoid anomaly seen elsewhere along the ridge. Thus, while the ridge appears to continue south of 43.5øS, it may not be as continuous as to the north.
An important result shown in
GEOCHRONOLOGY
Volcanic rocks have been dredged from a number of locations along the Louisville Ridge and from the isolated seamounts which lie along the southeastern extension of the ridge (see heavy arrows, Plate 2). Samples were collected by Scripps's South Tow expedition, by the more recent Scripps's Marathon expedition and the Lamont-Doherty cruises described in this paper. Acknowledgement of the specific source of the samples is made in Table 3 . Radiometric dating of this unusually complete collection was undertaken to determine the age relationship of the volcanism on the ridge to the underlying oceanic lithosphere.
The dredged rocks obtained during the Lamont-Doherty cruises were obtained from the flanks of the ridge (Figure 4) The measured '*øAr-39Ar total fusion ages (Table 3) , however, are consistent and show a systematic distribution within this volcanic province. Sample preparation, irradiation conditions, and analytical methods are the same as those described by Duncan [1982] and Dalrymple et al. [1981] . Generally high proportions of radiogenic argon were measured which yielded precise calculated ages (1-2% uncertainties). Replicate measurements on independent splits of three of the samples yielded nearly identical ages.
In Figure 10 we summarize the ages along the Louisville Ridge. Figure 10 shows that there is a clear decrease in volcano age from northwest (66 68 Ma) to the southeast (0 Ma). 
The age progression is, of course, similar to that of other volcanic lineaments on the Pacific plate. In particular, dated samples from the Hawaiian Ridge and Emperor Seamounts
FLEXURE OF THE LITHOSPHERE
Oceanic flexure studies have shown that the effective elastic thickness of the lithosphere, T e, is a strong function of its thermal age at the time of loading [e.g., Watts et al., 1980] . Thus, by analyzing the relationship between free air gravity and topography along single profiles, it is possible to estimate the tectonic setting of volcanic loads on the ocean floor. In order to estimate the setting of the Louisville Ridge, we analyzed the free air gravity anomaly and topography data in Figure 6 using cross-spectral techniques [e.g., Dorrnan and Lewis, 1970]. Each profile was used to obtain independent estimates of the cross spectrum and power spectrum. The smoothed spectra were then used to compute the coherence, phase of the admittance, and 1og•0 of the amplitude of the admittance. Figure 11 shows that the coherence is relatively high (>50%) for 0.02 < k < 0.4 km-•, suggesting that for wavelengths in the range of 12.5-314 km, most of the energy in the gravity field is caused by the topography. For wavelengths greater than this range the coherence decreases because of isostasy, but for small wavelengths it decreases because of navigational uncertainties and instrument noise. We caution, however, that the flexure model used to best fit the gravity anomaly data in Figures 12-16 assumes that the ridge extends infinitely normal to the profile (i.e., it is two dimensional). Thus we assume that the length of the ridge is much greater than its width. Unfortunately, the detailed Fig. 9 . Geoid anomaly profiles derived from Seasat altimetry over the Louisville Ridge. The geoid anomaly was obtained by subtracting the measured sea surface height along each satellite subtrack from a GEM 10 reference field complete to degree and order 12. The profiles have been aligned with respect to the geoid anomaly high, the peak value of which appears to correlate with the crest of the Louisville Ridge. MTHN 6D, 7D) .
The 3?Ar is corrected for decay since irradiation.
bathymetry of the ridge either side of profiles 1-12 is so poorly known that the length/width ratio •b cannot be estimated with any certainty. Ribe [1982] has shown that there is a significant difference between theoretical admittance for two-dimensional Figure 6 ). Figure 17 shows that while the observed gravity anomaly over the ridge could be explained by T e = 40 km, it could also be explained by a lower value depending on dimensionality. In particular, if the ridge is "two dimensional," a high value is preferred, but if it is composed of isolated circular seamounts, a low value of about 11 km would be preferred. Inspection of Figure 1 shows that the southern part of the ridge comprises isolated peaks superimposed on a more or less continuous ridge. Thus Te for profile 11 may be smaller than that deduced in Figure 15 assuming two dimensionality. In which case, T• may not necessarily be higher over the southern part of the ridge than the northern part. Fig. I I. The coherence, the phase in degrees and the log to of the admittance generated from the free air gravity anomaly and bathymerry profiles in Figure 6 . The shaded region box is shown in more detail in Figure 12. We, on the other hand, assumed the ridge is more or less continuous over long distances (i.e., two dimensional) so that, as Figure 17 shows, a high value of T e is preferred.
We conclude from Table 5 that while Te is uncertain for the southern part of the ridge, T• is in the range 10-20 km at the northern part of the ridge. This suggests, using the results of Watts [1978] , that the Louisville Ridge formed, at least in part, in an off-ridge setting. Assuming that T• is determined by the depth to the 450øC oceanic isotherm, the results in Table 5 indicate that the northern part of the ridge formed on 12-55 Ma oceanic lithosphere. The tectonic setting of the southern part of the ridge is unclear. Table 5 suggests that it is likely that this part of the ridge also formed off-ridge. Whether the southern part of the ridge was nearer or farther from the ridge crest than the northern part at the time of its emplacement cannot, however, be determined from the presently available gravity and bathymetry data. from about 4.5 cm/yr prior to it to about 1.5-2.5 cm/yr after it. Molnar et al. [1975] noted, in addition, that magnetic anomaly trends differed either side of the fracture zone system (being more northerly in trend to the north than the south) and that during present to anomaly 5 time and anomaly 31-21 time spreading rates were somewhat higher to the north of the system than to the south.
Weissel et al. [1977] recognized anomaly 34 as the older identifiable magnetic anomaly in the southwest Pacific and
were the first to document that spreading rates were significantly different either side of the Eltanin Fracture Zone system. They noted that during anomaly 30-34 time, rates were up to a factor of 2 higher north of the fracture zone system than to the south.
Neither Molnar et al. [1975] nor Weissel et al. [1977]
were able to identify magnetic anomalies older than anomaly 32 and 34, respectively. They concluded, therefore, that the age of the crust underlying the Louisville Ridge was Cretaceous based on extrapolation of spreading rates either side of the Eltanin Fracture Zone.
In order to understand better the relationship between the Louisville Ridge and the Eltanin Fracture Zone, we examined in more detail the tectonic fabric of the seafloor in the vicinity of the intersection of these features. Figure 18 shows 
mid-Cretaceous Eltanin Fracture Zone. Figure 20 shows that the Louisville Ridge continues uninterrupted across these lineations, crossing almost orthogonally to their NE-SW trend.
We conclude from these observations that the Eltanin Fracture Zone did not exist at anomaly 33-34 time, and therefore it is likely that a major portion of the Louisville Ridge did not form on a preexisting fracture zone offset. We emphasize that the offset history of the Eltanin Fracture Zone can only be documented back to anomaly 33-34 time, due to the 30 m.y. magnetic Quiet Zone that precedes these reversals. However, the lack of a characteristic geoid "step" over seafloor older than anomaly 33-34 (e.g., Figure 9 ) together with the lack of offset at anomaly 33-34 time and subsequent offset buildup small (e.g., seamount) and a high value if the dimensionality is large (e.g.,  volcanic ridge) . We compare the locations of the Louisville Ridge and Eltanin Fracture Zone deduced from Seasat data and from available bathymetric data in Figure 23 . A close agreement occurs between the zero geoid slope (open circles) and the bathymetry peak on eight shipboard crossings of the ridge. The agreement is not as close, however, between the peak slopes (crosses) and bathymetric offsets on shipboard crossings of the fracture zones. While the V3601 profile shows large bathymetric variations (up to 2 km) at the intersection of the geoid peak associated with the Heezen Fracture Zone, neither the C0806 nor EL17 profile shows prominent variations at the intersection of the Tharp Fracture Zone peak.
In a recent study in the Indian Ocean, Driscoll et al. [1984] reported that it is quite common for peaks in the geoid slope to be displaced by as much as 30 km from the bathymetric offset at fracture zones. A similar result is seen in Figure 24 for the Eltanin Fracture Zone system: the peak in the geoid slope is displaced by up to 50 km over the shallower, younger side of the fracture zone offset. Figure 23 is that on the basis of Seasat data, the Louisville Ridge continues into the offset portion of the Eltanin Fracture Zone system. In particular, the ridge extends southeast of its southern most extremity based on available shipboard bathymetry data (43.6øS, 161.2øW) for a distance of at least 350 km.  Beyond a point given by 45.6øS, 156.7øW the extension of the ridge is less clear, although the available bathymetric and altimetric data suggests that it extends into the region of the Eltanin Fracture Zone. Bathymetric data on EL17 (Figure 23) show that the ridge continues into the compartment separating the Heezen and Tharp fracture zones as a number of isolated "seamounts." The most prominent of these features are located at 45.7øS, 155.7øW; 46.8øS, 153.2øW; and 47.4øS,  152.1øW . The Seasat-derived gravity anomaly map (Plate 2) confirms the extension of the ridge to 47.4øS and shows, in addition, two well-defined gravity anomaly highs centered at 48øS, 148.7øW and 50ø30'S, 139øW. We attribute these highs to two large submarine volcanoes. We suggest, therefore, that although the ridge terminates as a continuous feature at about 45.6øS, 157øW, it continues in the form of at least five isolated seamounts to as far south as about 50ø30'S.
One of the major conclusions that can be drawn from
On the basis of these results, the Scripp's Marathon ex- pedition extended its dredging program so as to sample the two seamounts inferred from Seasat data [Hawkins et al., 1987] . Plate 2 clearly shows that the two "Seasat" seamounts are aligned on an extension of the Louisville Ridge system. We therefore concur with Hawkins et al. [1987] that Marathon samples 6D-1 and 7D-1 (Table 5 ) are located on an extension of the Louisville Ridge and that the zero-age volcano at the southeast extremity of the ridge (7D-l) is the youngest sampled age along the ridge.
TECTONIC EVOLUTION
The magnetic bight (37øS, 145øW) indicates that during the Late Cretaceous a three-plate system existed in the South Pa-cific, the Pacific plate being one of them (Figure 18) . By mapping lineated magnetic anomaly sequences in the north and central Pacific, Larson and Chase [1972] concluded that the other two plates in the system were the Farallon and Phoenix plates. Most of the Phoenix plate has since been subducted beneath South America and what remains is shown in Figure  25 as the Aluk plate. Only fragments of the Farallon plate remain (Cocos, Rivera, Gorda, Juan de Fuca, and Nazca).
As we noted previously, the Eltanin Fracture Zone system is the largest single tectonic element in the southwest Pacific. Molnar et al. [1975] suggested that anomalies 32 and younger south of the fracture zone were generated at the Pacific/ Antarctic plate boundary, whereas anomalies to the north The radiometric ages reported in this paper suggest that the Louisville Ridge was forming during this major reorganization. Flexural studies, however, suggest that the ridge was emplaced in an off-ridge setting rather than on or near a ridge crest. Thus, even though the ridge appears continuous with the Heezen and Tharp fracture zone trends, it was emplaced in the interior of the Pacific some distance (several hundred kilometers) from either of the two triple junctions.
DISCUSSION
One of the most striking features of the Pacific Ocean basin is the large number of relatively long linear chains of oceanic islands and seamounts. Most volcanic chains trend generally WNW-ESW and were apparently formed over stationary hot spots during the past 43 m.y. Another group of chains trend approximately NNW-SSE and can be explained by the same mechanism.
The hot spot hypothesis is readily tested since it predicts that ages should progressively increase along a seamount chain. Clague and Jarrard [1973] reviewed the available age data from Pacific islands and concluded that while many of the WNW-ESW chains such as the Hawaiian, Kodiak-Bowie, Marquesas, and Guadalupe showed an age progression, a number of the NNW-SSE chains such as Emperor, Marshal-Gilbert, and Line islands did not. R. A. Duncan and D. A. Clague (unpublished manuscript, 1987) reviewed the recent age data and concluded that age progression also could be discerned along the Emperior and Line islands chains, thereby supporting the hypothesis.
An alternative to the hot spot hypothesis is the propagating crack or fracture hypothesis. This hypothesis predicts that fractures in the lithosphere, due to preexisting lines of weakness or plate-edge effects, control linear volcanic chains. In contrast to the hot spot hypothesis, this hypothesis predicts that ages will be generally similar along the length of a chain. With the possible exception of the Easter Island/Sala y Gomez-San Felix/San Ambrosio chain [Bonatti and Harrison, 1976] , no linear chains in the Pacific have yet been satisfactorily explained by this hypothesis.
Recently, a third hypothesis has been advanced [Okal and Cazenave, 1985] in which it is proposed that the hot spot and fracture mechanisms interact to control the location of seamount chains. According to this hypothesis, the Oeno-Ducie volcanic line is a surface expression of the Tuamotu hot spot, but its trace was deviated by about 15 ø due to the effects of a young active fracture zone offsetting the East Pacific Rise crest. This hypothesis suggests that hot spot and fracture zone systems may have some influence on the kinematics of each other.
In this section, we examine the hot spot origin for the Louisville Ridge in the light of the new bathymetric, gravity, geoid, and age data.
One of the predictions of the hot spot hypothesis is that ages should progressively increase from southeast to the northwest along the ridge. Our studies, together with those of Hawkins et al. [1987] would place the location of the hot spot near the zero-age volcano, MTHN 7D-1 (Table 3) , at the southern extremity of the ridge (Plate 2). Figure 26 shows that when the ages in Table 3 Although the age progression exhibited by the Louisville Ridge is therefore compatible with the fixed hot spot hypothesis, the published poles of rotation for Pacific plate motion are not able to adequately account for the detailed trend variations of the ridge (e.g., Plate 2). We attribute this difficulty to the previous paucity of age and bathymetric data from the southern Pacific. We therefore have fit age and bathymetric data from the Louisville Ridge using a modified set of stage rotation poles for Pacific plate motion during the Tertiary.
A similar modified set of poles has been used by Lonsdale [this issue], who show it is consistent with Sea Beam data collected along the crest of the ridge. In addition, we show that both the Louisville Ridge and the Hawaiian-Emperor seamount .chain can be fit by the same modified poles, implying that the two hot spots have, in fact, been stationary with respect to one another since 65 Ma.
The ages, together with gravity and magnetic evidence, allow us to speculate on the tectonic setting of the Louisville Ridge. We conclude that the present-day ridge formed after the major offset developed on the Eltanin transform fault from 60 to 80 Ma. From 60 to 28 Ma the Louisville Ridge developed more or less continuously on oceanic crust with little or no offset. Flexural studies (Table 5) indicate this ridge segment formed on 12-55 Ma oceanic crust. By 28 Ma, the distance between hot spot and ridge crest had decreased sufficiently for the ridge to be emplaced on an offset portion of the old fracture zone. Existing flexural studies cannot accurately constrain the tectonic setting of seamount emplacement, but the results in Table 5 are in accord with the Louisville ridge segment formed during 28-12 Ma being emplaced on oceanic crust at least as old as 25 Ma. Since about 20 Ma, however, volcanism waned, so that volcano building was limited to a few isolated seamounts. These seamounts extend into the compartment between the Heezen and Tharp fracture zones and appear to cross the Heezen. Figure 26 shows that the isolated seamounts generally align along the Louisville hot spot trace.
According to the modified set of rotation poles in Figure 26 the Louisville hot spot is presently located at about 51ø50'S, 139ø30'W, 1500 km from the East Pacific Rise crest and close to a "fossil" offset of the Heezen Fracture Zone. Inspection of residual depth anomaly (observed minus expected depths based on thermal age) maps of the southwest Pacific [e.g., Menard and Dorrnan, 1977; Crough, 1983] show a depth anomaly high of about 600 m centered in the vicinity of the hot spot. The magnitude of this depth anomaly is in accord with the results of this study, which suggest unusually shallow depths along the southern part of the ridge (Figure 2) which continue to at least the latitude of the Hudson crossing of the Eltanin Fracture Zone system (Figure 24 ). As Plate 2 shows, the Louisville hot spot appears to have a depth anomaly high similar to other midplate hot spots in the Pacific. We caution, however, that there are presently too little magnetic and bathymetric data available for this region for us to determine The continuity of the ridge and fracture zone therefore remains enigmatic. It may be a coincidence: a consequence of a large amount of hot spot activity in the Pacific, a center of which just happens to line up with one of the Pacific's largest fracture zone systems. Alternately, there is some fundamental process linking the kinematics of the ridge and fracture zone with each other. Clearly, more data will be required to solve this problem in the future. Of particular interest will be geological and geophysical data from the southern extremity of the ridge, in the vicinity of the Louisville hot spot. This region, we believe, holds the key to our understanding of this problem as well as other aspects of the kinematics of the Pacific Ocean. Fig. 26 . Comparison of trend of Louisville Ridge based on bathymetry (heavy dots) and geoid slopes (hatched line) to computed trends based on average motion poles for the Pacific plate over the hot spot reference frame. The best fit to the observed trend is for the modified stage poles discussed in this paper. The zero age indicates the probably position of the Louisville hot spot. According to our data, the hot spot is presently located on or close to the Heezen Fracture Zone. We caution, however, that the fracture zone trends in the figure are based on geoid slope peaks which, as shown in Figure 24 
